Background To maximise the benefits of human papillomavirus (HPV) vaccination, uptake needs to be high. We examined psychosocial predictors of HPV vaccine uptake and the association between vaccine intention and uptake 1 year later in adolescent girls (aged 16-17 years) in England. Method Adolescent girls in the catch-up cohort were recruited from colleges in the South East of England in 2009 and 2010. Participants completed a questionnaire 6 months before (n=606) and 6 months after (n=214) being offered the vaccine, which assessed vaccine intention, vaccine uptake, demographics and attitudes based on the Health Belief Model and Theory of Planned Behaviour. Results A number of demographic and psychological factors, including intention, showed associations with vaccine uptake in univariable analyses. In multi-variable analyses, only ethnicity was independently associated with vaccine uptake. Participants from Black or 'Other' ethnic backgrounds were less likely to have received the HPV vaccine than White participants. Conclusions More research is needed to help understand variation in vaccine coverage between ethnic groups.
INTRODUCTION
Since September 2008, a free vaccination programme has been available for 12-13-year-old females in the UK, offering protection against the two high-risk types of human papillomavirus (HPV) responsible for ∼70% of cervical cancers. 1 2 A 'catch-up' programme was available for older girls (aged [14] [15] [16] [17] [18] In the first 2 years of the programme in England, uptake for all three doses in the routine cohort (12-13-year-olds) reached 80% and 76%, respectively. Uptake for 17-18-year-olds was lower, with 32% and 39% receiving three doses in the first and second year of the catch-up programme.
3 4 For the benefits of the vaccination programme to be maximised, 80% coverage is needed to achieve a 63% reduction in cervical cancer. 5 Belowoptimal HPV vaccination coverage rates among 17-18-year-olds may have been due to structural (e.g. invitations), environmental (e.g. media coverage) and individual-level factors (e.g. sociodemographics and beliefs). 6 This study focused on exploring the individual-level predictors of HPV vaccine uptake, drawing on psychological theories of health behaviour.
Much research has focused on intentions to receive the HPV vaccine, with elements of the Health Belief Model (HBM) 7 and Theory of Planned Behaviour (TPB) 8 explaining some variance in intentions to receive the vaccine (or consenting for a child to do so). In the context of HPV vaccination, the HBM suggests that vaccine intention and receipt can be predicted by an individual's perceived severity of and susceptibility to HPV or cervical cancer, their beliefs about the benefits of and barriers to being vaccinated, and cues to action (e.g. a doctor's recommendation). The TPB argues that attitudes, subjective norms (beliefs about what others would approve of the person doing coupled with their motivation to comply with this person's opinion) and perceived behavioural control (an individual's perception of the difficulty/ease of receiving the vaccine) predict intentions to receive the vaccine and that intention predicts behaviour. A systematic review of 28 studies 9 found that perceived susceptibility, perceived effectiveness of the vaccine and a physician's recommendation predicted parental intentions to have daughters vaccinated against HPV. Beliefs about susceptibility, [10] [11] [12] severity, 11 13 benefits, 10 11 subjective norms 10 13 14 and attitudes 10 14 have all shown associations with young women's intentions to receive the vaccine.
Several studies have found that intention to receive the HPV vaccine is a predictor of vaccine uptake. [14] [15] [16] A limited amount of research has focused on other psychological predictors of girls' and young women's uptake, but subjective norms, 17 18 barriers, 15 19 20 benefits 14 and perceived susceptibility 14 15 have all been found to be associated with HPV vaccine uptake, although some of this evidence is from cross-sectional studies. A longitudinal study considering psychological factors found that intention, perceived barriers and anticipated regret predicted vaccination initiation (in addition to not needing more information and not being a born-again Christian), 21 however this study measured parents' beliefs and not those of the girls themselves. Research has also shown that mothers talk about sex when discussing the HPV vaccine with their daughters 22 and that this communication with daughters about sex is associated with vaccine uptake. 23 To our knowledge, there have been no prospective studies investigating the relationship between girls' intentions to receive the vaccine and uptake in the UK, and only one study focusing on predictors of vaccine uptake. This study found support for the relationship between subjective norms and HPV vaccine uptake. 18 We report a longitudinal study of female students in the second year of the 'catch-up' programme that aimed to: (1) establish predictors of vaccine uptake and (2) measure the association between intention to have the HPV vaccine and uptake 1 year later.
METHODS
In March 2009, girls in school Year 12 (aged 16-17 years) were recruited from eight further education colleges in the South East of England. These young women were due to be offered the HPV vaccine for the first time in September 2009.
A researcher visited the colleges, explained the study to all girls in attendance and gave the girls a baseline questionnaire. A follow-up questionnaire was given to girls from five of the original colleges in March 2010, by which time participants had been offered free HPV vaccination as part of the English HPV immunisation programme. Dependent on the procedures of local primary care trusts, girls were either offered the vaccine in college or at their general practice or local pharmacy.
We were unable to re-recruit girls from three of the baseline colleges; one withdrew from the study and two would not allow us to replicate the baseline recruitment procedures. In addition, as adolescents in England are not required to stay in education after the age of 16 years, some of the girls recruited at the remaining five colleges had left before the follow-up.
Both questionnaires were paper-based and selfadministered and consent was inferred from the completion of the questionnaire. Other aspects of the study have been described elsewhere. 24 
Materials and measures
At baseline, the Department of Health had published an HPV vaccine information leaflet for young women, but it was unknown whether all participants had received this leaflet. The questionnaire therefore contained brief information about HPV and the vaccine (see Box 1).
Dependent variable
Self-reported HPV vaccine receipt was assessed at both time points. At baseline, participants were asked 'Have you already received the HPV vaccine?' ('Yes/ No'); this was unlikely unless they had received the vaccine privately. At follow-up, participants were asked to select the option that best described them from a pre-defined list ('I have received all three doses of the HPV vaccine'; 'I have received one or two doses of the HPV vaccine and will complete the course of injections'; 'I have received one or two doses of the HPV vaccine and will not complete the course of injections'; 'I have been offered the HPV vaccine but I haven't had it'; 'I have been offered the HPV vaccine but have decided not to have it'; and 'I have not been offered the HPV vaccine'). Individuals Box 1 Brief information about human papillomavirus and the vaccine, contained in the questionnaire Human papillomavirus (HPV) is a very common infection involved in most cervical cancers. It is transmitted via skin-to-skin contact, most commonly during sexual activity. A vaccine has been developed that protects against this infection. Next school year you will be offered the HPV vaccine.
Article who had received at least one dose of the vaccine were coded as 'vaccinated'; all other individuals were coded as 'unvaccinated'.
Independent variables
All independent variables were measured at baseline.
Intention to accept the HPV vaccine was measured using two items recommended by Sheeran and Abraham:
25 'I will try to have the HPV vaccine' and 'I intend to have the HPV vaccine' (five-point scale: 'Strongly disagree' to 'Strongly agree', scored from 0 to 4). These two items correlated highly (r=0.87) and were summed to give an intention score. The score was skewed so a binary outcome was created using a median split, with those scoring 0-5 classified as having 'low intention' and those scoring 6-8 classified as having 'high intention' to receive the HPV vaccine.
Demographic/cultural characteristics were assessed. Participants reported their ethnicity, religion, whether anyone close to them had been diagnosed with cancer and/or cervical cancer and whether they smoked. Household income was indexed by eligibility for the Educational Maintenance Allowance (EMA), with individuals classified as 'eligible' or 'not eligible'. [NB. EMA was a financial scheme available before 2010 to students aged between 16 and 19 years whose parents met a certain level of taxable income. Students received EMA if their household income was under £30 810 per year. Students with a household income exceeding £30 810 per year were not entitled to EMA.] Participants reported lifetime number of sexual partners (≥1 sexual partners coded as 'sexually active' and no sexual partners coded as 'not sexually active'). Sexually active participants were asked for their age at sexual debut, with responses coded as '≥16 years' or '≤15 years'. These questions were adapted from the National Surveys of Sexual Attitudes and Lifestyles 2000. 26 Knowledge of HPV was assessed by asking participants whether 17 statements about HPV and the HPV vaccine were 'True' or 'False' using a validated measure 27 : a total knowledge score was derived by summing the number of correct responses.
Vaccine attitude was assessed using the sum score on three items: 'Do you think that vaccinations are necessary to prevent certain diseases?', 'Do you think that it is important to have vaccinations?' and 'Do you think that vaccinations in general are safe?' (five-point scale: 'Definitely not' to 'Yes, definitely'). These items were adapted from a previous study. 28 Needle fear was assessed using a single-item: 'Are you scared of needles?' (five-point scale: 'Not at all scared' to 'Very scared').
Parental acceptance of the vaccine ('My parents will let me have the vaccine') was assessed using a singleitem on a five-point scale ('Strongly disagree' to 'Strongly agree').
Normative beliefs focusing on friends ('My friends will think I should have the HPV vaccine') and parents ('My parents will think I should have the HPV vaccine') were measured using single-items on five-point scales ('Strongly disagree' to 'Strongly agree'). 29 Vaccine safety was assessed using a single-item ('Do you think that the HPV vaccine is safe?') on a fivepoint scale ('Definitely not' to 'Yes, definitely'). 28 Vaccine effectiveness in preventing cervical cancer, HPV infection and sexually transmitted infections (STIs) was measured on a five-point scale ('Strongly disagree' to 'Strongly agree') using three single items developed by Witte et al. 30 and widely used in HPV studies. 11 31 Perceived severity of HPV and of cervical cancer was assessed by summing scores on a three-item measure developed by Witte et al. 30 Each item was assessed on a five-point scale ('Strongly disagree' to 'Strongly agree').
Perceived susceptibility to HPV and cervical cancer were measured using a single-item ('If I never have the HPV vaccine I would feel very vulnerable to HPV/cervical cancer in the future') on a five-point scale ('Strongly disagree' to 'Strongly agree') adapted from a similar item used by Weinstein et al.
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Communication with parents about sex was assessed by asking participants whether they had ever talked about sexual intercourse, condoms, contraception or STIs with their parents/guardians ('Yes'=1; 'No'/ 'Can't remember'=0). These items were adapted from Hutchinson et al. 33 Responses were summed to give a total score (0-4).
The means, ranges and Cronbach's α statistics for all continuous variables and scales are reported in Table 1 .
Analysis
We used complex samples logistic regression analysis clustering by college to examine predictors of vaccine uptake at follow-up. We ran uni-variable models followed by a multi-variable model including all factors showing significant ( p<0.05) associations with uptake in the uni-variable models. The location at which the vaccine was offered to the girls varied across the sample; some girls were offered the vaccine within their college and some had to access it through primary care. Location (college vs primary care) was therefore entered as a covariate for all analyses. Analyses were performed using SPSS V.20.
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RESULTS
Participants
A total of 93% of the girls approached at baseline agreed to participate (n=650/697). Participants were excluded if their baseline vaccine status was unknown (n = 11) or if they had already received the HPV vaccine at baseline (n=33). Complete baseline data were available for 606 participants. Data from baseline and follow-up were matched using participants' postcodes and dates of birth, with 218 (33.5%) successfully matched. Those who completed the follow-up questionnaire ('completers') differed from those who did not ('non-completers') in terms of ethnicity ( p<0.001); participants from Black backgrounds were less likely to be completers than participants from White ( p<0.001), Asian ( p=0.001) or other ethnic backgrounds ( p=0.006). Participants also differed in terms of EMA entitlement ( p=0.003); those entitled to EMA were less likely to be completers (38.7%) than those not entitled to EMA (50.4%). Participants were removed from the analysis if they failed to state their vaccine status at follow-up (n=4). Complete data were available for 214 participants; characteristics of the baseline and follow-up samples are shown in Table 1 .
HPV vaccine uptake
At follow-up, 59.8% of participants had received at least one dose of the vaccine (n=128/214). In the 'vaccinated' group, 16.8% (n=36) had received all three doses, 41.6% (n = 89) had received one or two doses and intended to complete the course, and 1.4% (n=3) had received one or two doses and did not intend to complete the course. In the 'unvaccinated' group, 16.8% (n=36) reported having been offered the vaccine but had not yet had it, 7.9% (n=17) reported refusing the vaccine and 15.4% (n=33) said they had not been offered the vaccine.
Uni-variable analyses
Intention to have the vaccine at baseline was significantly associated with having had the vaccine at follow-up ( p=0.021). Two thirds of girls (n=104/ 161; 64.6%) with a high baseline intention to receive the vaccine had received at least one dose of the vaccine at follow-up compared with 45.3% (n=24/ 53) of those with low intention. There were ethnic differences in HPV vaccine uptake, with girls from Asian and 'Other' ethnic backgrounds reporting uptakes of 52.6% and 32.0%, respectively, compared with 68.1% in the White group ( p=0.018 and p<0.001, respectively). HPV vaccine uptake also differed by religion; girls who had no religious affiliation reported an uptake rate of 62.8%, compared with 64.6% in the Christian group ( p=0.002). There was no significant difference in vaccine uptake by EMA entitlement, smoking status, cervical cancer or cancer experience, being sexually active, or age of sexual debut (Table 2) .
We also examined whether girls' attitudes at baseline predicted whether they had received at least one dose of the HPV vaccine at follow-up (Table 2) . Girls who had higher knowledge of HPV and the HPV vaccine at baseline were more likely to have received the vaccine at follow-up ( p=0.027). Girls who believed that their parents would let them have the vaccine ( p<0.001), and who believed that their friends ( p=0.027) and parents ( p=0.012) thought they should have the vaccine were more likely to have received it. Girls who believed the vaccine was safe ( p=0.010), and effective against cervical cancer ( p=0.046) were more likely to have received it. Girls who thought that HPV was severe and that they were susceptible to HPV were more likely to have received the vaccine ( p=0.021 and p=0.003, respectively). Vaccine uptake was not associated with having a positive attitude towards vaccines in general, needle fear, communicating with parents about sex, beliefs about how effective the vaccine is against HPV or STIs, or perceived severity of and susceptibility to cervical cancer.
Multi-variable analysis
The multi-variable model explained between 14% and 19% of the variance in HPV vaccine uptake ( Table 2) . Only ethnicity remained a significant predictor of HPV uptake in the model ( p=0.030); participants who reported coming from Black [odds ratio (OR) =0.19, 95% confidence interval (CI) 0.04-0.98] or 'Other' (OR=0.25, 95% CI 0.07-0.88) ethnic backgrounds were significantly less likely to have received the HPV vaccine than White participants.
DISCUSSION
This prospective study examined the association between demographic and psychological variables measured at baseline, and vaccine uptake measured 1 year later, among girls in the UK HPV vaccination 'catch-up' programme. Ethnicity was the only factor that predicted vaccine uptake in our multi-variable model, which is consistent with previous research linking ethnicity with uptake. 35 36 A meta-analysis of mainly North American studies has reported that young Black women are less likely to initiate HPV vaccination compared to young White women. 37 In a pilot study carried out before the introduction of the HPV vaccine in the UK, uptake was lower in schools with greater ethnic diversity, 38 39 and analyses of data from the first year of the vaccination programme (routine and 'catch-up' cohorts) also suggest that ethnicity is an important factor in understanding uptake in the UK. 35 Research from the UK has also suggested that there is lower awareness and acceptability of the HPV vaccine among ethnic minority groups. 40 Future research should explore factors predicting HPV vaccine uptake within ethnic minority groups. Such research could identify attitudinal targets for interventions aimed at increasing informed uptake of vaccination.
Consistent with social cognition models, 7 8 vaccine intentions significantly predicted behaviour in the univariable model, highlighting the importance of understanding predictors of intention to promote uptake. Approximately 75% of participants had high intentions to receive the vaccine, in line with similar studies, 13 14 and 60% of participants received the vaccine at follow-up. This figure is broadly similar to the national average of 56% receiving at least one 4 The slightly higher coverage in our sample is likely to be due to the fact that our respondents were all in full-time education. Girls not in education had to access the 'catch-up' vaccine through primary care, where uptake is known to be lower.
3
Despite the significant relationship between intention and behaviour, when other factors were taken into account (notably girls' ethnicity), intention no longer predicted behaviour. The difference between the uni-and multi-variable findings suggests that other factors play a more important role than intentions in vaccination behaviour. Girls may believe that receiving the vaccine sounds like the right thing to do (i.e. they intend to do so) in principle, but their cultural values and perhaps other factors not measured in our study are stronger predictors of actual behaviour.
Our findings differ from those of Gerend and Shepherd 15 who found that intention predicted whether 18-26-year-old girls received the HPV vaccine 10 months later in a multi-variable model. However, this model did not include girls' ethnicity so the findings may not be directly comparable. In addition, it seems plausible that intention would be more important in predicting uptake when the vaccine must be actively sought in a health care setting, unlike the UK situation where HPV vaccination is offered in schools, so less effort is required on the part of the individual.
Study limitations
The study examined girls who were eligible to receive the HPV vaccination as part of the UK 'catch-up' cohort. These girls were old enough to provide their own consent to vaccination, unlike girls from the routine vaccination programme, and so the results may not be wholly generalisable to girls in the routine cohort where parental factors are likely to play a more influential role. However, it is likely that parents will include their daughters in their vaccination decisions 41 so girls' beliefs about vaccination are an important factor to consider. It seems unlikely that 12-13-year-old girls' beliefs about HPV vaccination would differ considerably from those of girls aged 16-18 years, but this is an interesting area for future research.
All the girls were recruited from further education colleges and so the results may not be generalisable to the whole 'catch-up' population. The sample size was significantly reduced at follow-up and certain demographic groups were less likely to be included at follow-up (notably participants from a Black ethnic background) which may have biased the results. However, we believe that significant bias is improbable as the reasons that girls did not participate at follow-up are unlikely to be related to their baseline responses or their decision to receive the vaccine or not; girls did not participate at follow-up because their college chose not to be involved with the research again or because the girl was not in college on the day of data collection or had left the college.
Furthermore, while some of the estimated ORs are substantial, these failed to reach statistical significance as indicated by the large CIs (Table 2) . Due to the sample size, the current study is only powered to detect large effects, and further research is needed to investigate variables with moderate effect sizes. Vaccination status relied on self-report and focused on initiation, rather than completion of the three-dose course. An important avenue for future research may be to consider the predictors of completion of the vaccination course.
CONCLUSIONS
Future research investigating predictors of vaccine uptake among girls from ethnic minority groups may aid an understanding of uptake among non-white populations in the UK.
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